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Dispersion
and Grinding
Overview

Bhe dispersion of pigments in a [nal paint and coating product signifi-
‘canily impacts important properties of the fommulation. Gloss, weather and
chemical resistance, color strength and hiding power, adhesion, and durabil-
.!l}f cant e enlanced or reduced depending oo the nature of the dispersion.
21 the surface, dispersion—or the mixing of powder into a liquid by rapidly
;,[!:;Lfrealdng apart agglomerates and uniformly distibuting and wetting them—
F}E:_a'_g‘.f—.’rt't:s te Tre oo af the simpler aspects of producing pains and coatinggs, 1F
“one fooks deeper, however, it quickly becomes apparent that dispersion i3 a
f-'LE‘I?:;'rlplf:x pracess involving a multimde of variables, all of whiclh can affect
ihie desired ouleome and, therefore, the quiality of the Noal fermulation. Tn
this article, we focus on the ditferent types of equipment used Lo disperse
plaments,

Tt iy important o rermemibern, thoogh, that the choice of dispersing equip-
ment is only one ol many factors aftecting the natuee of the dispersion.
Pigment selection is also oitical. Different pigments exhibit difterent behay-
iors In differend fonmulalions, olien Umes even i they appear to be identi-
cal. Resing exhibit different wetting properties and rhieclogical bebaviaors
that play a vole in the dispemion process, The vehicle often acts as a stabi-
lizing agent, tew, and a balance belween wetling and stalvitiving capabilities
musl be achieved. Many times. the same binder used for pigment disper-
siom 1s used in the overall paint formulation, Yet while this scems to be a
ressanable choice, i may not be due (o the properties of the hinder with re-
gard 1o poor wettability,

The liguid base of a paint and coating is also imponant. Waterborne coat-
tngs will hove difTerent dispersion behavioes as compared 1o solvent-based
formulatons. Differemt solvents also have ditferent dispersing properlies.
Swrfactants must be considered as well, along with the interactions between
all ol the difTerent componenis of a formuladon.
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“The muost crifical factor i achieving succesalid dis-
persion is the formolation,” states Ilarmvy Way, technical
director with Metzsch Tine Particle Technology, “The
promet chernistry for wedling and stabilizing the solids
resulis in a pood peodoct. In addiden, it is fundamen-
tally important that the components used for stabiliz-
ingr the dispersion also provide the durability and ad
hesion required in the Nnal producl” Lsing consistent
quality ras marerials that fall within proper material
specifications (partcle size, pH, comtamination levels,
eti] s also very critival. “The wost important Betor s
o have gond chemisiey o ensare that the dispersinn
process can be as simple as possible, to avoid the mote
commplicated steps lilke rotor stator and bead mills, and
Loy et poen] guality rw matenals that prevend compli
cations like not achieving e required degree ot dis-
persion on a consistent basis, Long periods of Hime re-
guired 1o reach the degree of dispersion are jusl
ottlenecks in plants,” Mr, Way adds.

Druring the process of dispersion, other factors such
as seeding, air endtapment, and heal generation musl
lie considered at all times, according o Danivel
Firestone, president of Morstone, Inc. The desined final
siscowity, which is determined by the method of appli-
cation ol the painl (brush or sprav), will also atfect the
dispersion. "End-use also determines the method cho-
sen to achiewe a dispersion. Flal paint, cement paints,
sitnd [illed painls, etc. do nol require a fine grind,
whereas an automotive or appliance finish needs a very
fimely dispersed proeluct along with sirength develop-
rment and light lastness,” s Birestone adds.

The choice of dispersion equipient is undoubtedly
one of the most imporant considerations. The extent
of dispersion and reduction in partide size determines
the necessary machinery and processes required fora
given formulation, "The greater the sutface of the pig-
ment that s exposed and welied, the less ploment is
needed to achieve the desired colon” notes Bamy
Cullens, laboratory manager with
Huoclaneyer Equipment
Corporation. Ideally, dispersion
will resnlt in the surface of all
pHamenl pacicles, whicls are
identical in size, being com-
pletely coated by the Touid. This
ooal is nearly impossible to
achieve, so 2 more practical goal
is to produce a nacrow pacticls
size distribution and limit the
number of larger agglomerates as
rouch as possible.

There are three types of disper-
sicn equipment commenly used
toxdlay in the paint and coalings
industry, Desived fineness of
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grind [FOO) and/sr color development detennine the
tvpes of dispersion equipment thit must be used. High
speed dispersers {HEDS) mix tie inidal pdgment pow-
der with the liguid, fomming the "re-mix * For a few
painws and coalings, the leve]l of dispersion achieved
with this machinery s adeguate and no Turther pro-
cessing is required. Many [ommulations todav, however,
reiquire much fingr particle sizes and therefore addi-
tional dispersion is necessary. Ritor-stator mixers,
which atford higher shear, ran be used iTa somewhal
finer particle size iy needed. bMedla mills, which come
in many dilferent shapes and sizes, are utilized when
very tine particle sizes and,or maximums color develop-
ment are required.

When evaluating dispersion equipment, the disper-
sion energy required o achieve the desived level of
mixing must be considered. Dispersion energy is the
energy aviilable for dispersion. Pigments thal are diffi-
cult 1o wet will tequire greater dispersion energy.
Howwever, it s critical to mome that dispersion energy
does 1oL necessarily correlate with the enersy con-

sumption of the cquipment. Rbeology and viscosity

propertics of the materials in the disperser and the
method of addilion of materials must be considered
when deternmining the trae dispersion energy of any
piece of machinery.

High Spead ispersers

Ltigh speed dispersers are the simplest type of dis-
perser, They ate generally nsed 1o inlooduce the pig-
menl inlo the dispersion svstem and provide the fizst
level of panicle size reduction, "The HSMs will make a
homogeneows mix al the matevials and break any ag-
glomerates into individual particles,” says Glenn Vice,
vice president of technobogy with Tittleford Ty,
Deprending on the plgment, 11505 may also provide
some particle breakdown as well.

For HIDSs, a discoype blade
enountied al the end of 4 mising
shaft rotates at high speed. The
spinning blade creares a sucionm
that pulls in the solids and lig-
uids, crearing a vortex above and below
the disc. As the ligquidfsolid mix enters
the vortices, the horsepower of e ma-
chine is transferred to the mbxture, cre-
ating a series of horiwontal Tayers. The
shear Larce created by the rotating
blade causes the layers to be instantly
aceeleraled oubward oweard (he wall of
ihie tank "The wrbulent flow created
by the disc impeller puts the materials
inLer golulion, and the zones ol lami-
nar tlow around the impeller cavse the

Mlntn couresy of Myss Enginee-irg.
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malerials Lo gmear across
each other as layers mov-
ing at different speeds,
causing Mner deagelom-
eration,” explains Steve
Guntner, national sales
manager wilh Myery
Engineering.

There are several dif-
ferent tvpes of dispersers,
including single speed,
two speed, and variable
speed mixing shafts, but
tmost ysed in the paint
aned roatings industry are of a single shafi, variable
speed configuration. The varable speed dove muost
popular today is an elecironic lvpe wsing a variable (re-
cuency inverter These electronic drives have become
cost elfective, {since they cost less to maintain and op-
erate), are quieter in the plant, and offer the user the
oppoTunity 0 moniter and/or control e miver and
PrOCess paramelers, m'ﬂmling trr M1 Guniner.

Phata coartesy of Hackmegaer Fqalusent, Cap.

LHspersers are tepically either mounted on a tank
with the blade fized in one posidan, or an a hydraulic
powered hoist so that they can be raised and lowered
and the wertical blade posilion adjusted. These mixers
can also be moved from one tank w anothet, widh up
Iey [oaur miix tanks used in a mezzanine if they ave prop-
erly positioned. ‘The ype of loomualation can determing
the mounting of the disperser. “Ihe move in waler-
Drasedd paints is 1o larger and larger batch sizes, requir-
ing starionary mix lanks and large homepower dis-
perseTs to serve them, " states Mr Cuntner.

In {lnal or miple shaft mixers, the disperser can be
Pl in combination witls a secondary low sperd sweep
andfor an intenmediate speed impeller 1o accomplish a
widler range of mixing operations. In the paint and
coatings indusiry, the low speed sweep 15 used 1o pre-
vent buildup of material on the
tside wall of a mix tanlc and act

run ai higher 1p speeds aidd create nore shear, A re-
cent advancement in blade techinology has been the
development of abrasion-resistant plastic impellers (or
clispersing abrasive: pigmeents soch ay thtaniom dioxide
and ion oxides, according 1o dMs. Firestone.

Lhe horsepower of a disperser is related 10 the dise
diameter and anticipated Joading that will be created at
a given speed. Home ewwer increases ay disc sizge in-
creases, bul tank diameter and bawch sice, as well as 1the
theological behavior, wiscosity, and density of Lhe dis-
persion are also imporfant in determining the oue en-
ergy available (o0 vansler "lvpically, maximum disper-
sivn should be reached for optimized processes and
fuormmuilations in 20- 3 marmites,” notes George
Murpihy, wice president ol sales and marketing with
Ilocdkomever Equipment Corporation. Optimivation in-
cludes choosing the appropriate tanl geometry, blade-
ti-Lank ralio, and blade speed; detenmining how and
when ingredients should be added; and having the
proper formulation. “Owerall, the use of low power in-
puat, rapid diseibution of te inpul preser, aned good
contact flow among the phases will result in eflicient
mixing. Puoor design and planning can waste power, As
a resull, high hosepower will nol necessarly tnean
200d mixing,” says mMr. surphy.

mr Cullens adds that the method ol ingredient ad-
ditiom is critical. “About 7% of dispersion comes o
particle-to-parlicle collisiong in the tank, and only 30%
[tom contact wilh the blade. There is i wome arouned
the blade—approximately four inches all the way
aroumd—whers these pacticle-particle interactions oc-
cur sany pecple add atl of the liquid ar once, and o
ends up over-vortexing and not in the aitical zone
near the blade Lose viscosity Batches vsually result in
mixing instead of dispersion because operalors are un-
able to reach dispersion speeds (3200 to 5600 fpm}
because of the low visoosily material vortexing right
out of the tank Just encugh liguid should be used ini-
tially s that the powder/solids
concenleton is low enough lor

as a mass movel of malerial
from the outer edges back to-
witrd the high speed impeller.

Blades [or high speed dis-
persers also vary, Open saw
toxoth Iypes are very popualar due
to their low cost and ease of
cleaning, They also come ina
wide range ol Lood designs
More aggressive blades with
larger teeth create increased -
bulent flow, bul shear decreasesy
as 4 comsequence. Ring-type
hlades are muore expensive and
CONSUINE MoTe orsepower, bul
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batch movement and high
enough for immediate particle-
Lo-pardcle contact once the parli-
cles leawe the blade, Once the dis-
prersion stacts the viscosity witl
build very tast and addilional lig-
uids can be added to accommao-
date thiz build in viscosity Moom
increased switace area of the
\ngment.”

The advantage of the high
speed disperser ix thal it i a cost
cffective and durable plece of
erjuiprment that is casy to werl
on and has minimal wear parls,

Phato ceartesy of Preiar Mi-1 0aeradion, SPE Priceds EQUipmetz,
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according ter Mr. Cunwner. "Replacing the dispersion
blade regularly s the only real requirement 1o mainain
a level of perfommance,” he commenis. o addilion,

Market Upaate

coated oaly require a stromger mechanicat lorce o
break themn apart. Bodh vertical and horizontal media
mills, which are akso referred 1o as basleet mills, are

awailable in many different shapes and sizes. Typlcal
el rmills use larger lreds on the order of 1 ta 2 mil-
limelers in diameter. As the demand for finer parnticle
size increases, however, many mills are now using imuch
smaller grinding media (below 0.5 mm) 1o achieve
very fine particle dispersions, according to ML Wy,

usually the mix tirme is relatively shorl and cleaning
time i meoderale with 11805, according 1o Mr Vice,

One major limitation is the product theology de-
perndence all [T5Ds. Mixures that ace too thick swill not
rove frecly and will therefore not be properly dis-
persed, According to Mr Way, additional limitadons in-
chide the 1ime i akes o load the raw
ialerials and the energy required o
run the machine, A wemendous
amount of heat is generated in the Fg-
wid thisl can canse problems with
somme formulations as well, Many try
tor compensate by adding the raw ma-
terials Gaster, bul Lhis often—especially
with larger I1SD» machines—causes
huge chamlbs of material o be
dropped inw the tank As a result, ad-
ditional time is reguained wailiog lor
these dumps of solids o slowly wet
oul and then disperse.

= CONN BLADE

Patented blending/dispersing blade design makes radical
improvement over old saw tooth designs

Rotor-Stator Mixers

Tf greal enowgh shear cannot be
achieved with a high speed disperser,
a Fotor-stator mixer may D used. in
rutor-stalor mixers, the rotor lies
within a stativnary slotted stator,
They can be used i both bacel: and *
comntinuows produciion. |lowewer,
batch sizes above 1000 galloms are
typically not effertively wixed with
thix type of dispersion equipment. In-
line rotor-stator mixers privide recir-
qulaton of liguid Dack 1o the (eed »
fank, allowing for further processing
unti} the desired particle siz is
achieved. Becanse they do nol contain * Excellent for high or low speed and high or low viscosity.
airy media, Iotor-sEator MIRCTs aIg *
edsy to clean, Tnosome cases, (he use
of & muore expensive media mill can
be avoided with the use of an in-line
TOTOT-STALOT [iXer.

Most efficient and aggressive blendingtdispersing blade
available.

Provides proper combinatlon of pumping action and shear/
dispersion easential for fast consistent rasulis.

Built in pumping actlon cuts processing time,
Longer life due to heavier gauge construction.
Leas heat due to shorter raquired running time.

Suppliad with hubs or mounting hales required to retrofit
and upgrade presant aquipment.

Pumplng blades without teeth are avallable and are excellent
for gentle blending and agitation.

DEZIGHERS AND MANUFACTURERS OF INDUSTRIAL MIXING EQUIPMENT
Media Mitls

bamy compranies do ool wse rotor-
stator mixers if Lhey need more finely
sized panticles than these mixers and
HSDs can provice. Insiead, Lhey
arhieve smaller sizes with media
mills, swhich acwally grind the prarti-
cles. In these cases, Ughtly bound ag-
clomerates that have heen exernally

ehimoe 1008

Stirrerg Or Compdeda Unka Fors
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In a hodzoental media mill, the heiled/cooled grind-
ing chamber containg an agitator or milling shaft,
round beads, and a lowy viscosity diluent., The liquid/
solid formulation is pumped through the Auidized
horizontal media at a contrelled rae, and the solid
particles are broken down or reduced in size and finely
dispersed throughout the liguids. The product is sepa-
rated from the grinding media via a screening device
"This wet milling process requires a stable liquid for-
mulation,” notes Stewaart Risgley, national sales man-
ager—Premier Mill Operation with SPY Process
Fouipment, “The fonmulation must be homogenous
and nal experience any settling o1 separation of solids
from the liquid belore the grinding akes place”

Tactors that affect horizontal milling nperations in-
clude the sixe, specific gravity, and percent load of the
erinding media; the dise shape and rotating surface
area; milling shaft speed; temperature, pressure, and
(uality of the formulation; product throughput; and
hiorse power consuim plion, according to M Rissley
hultiple passes of the producl theough the mill cham-
ber may be required to achieve the desired product
perlormance. However, a single pass process is typical,

The complexity of media mill systemns is a limita-
tlon. Much more operator training is required Lo
achieve optimal dispersion pedormance with this trpe
o equipmend. In addilion, there are a romber or parts
that wear and need replacement frequently. Cleaning iz
alss much more complicated and often requires the
uze of large amouwnis of solvenis.

A more recent advancement in media mill fechinal.
ogy is the immersion or basket mill. ‘These media mills
are localed il the end of a shaft that is insented o the
tank, similar to the way an 1150 is operated. The
process in general is simpler and more atuactive for
opertions that involve freguent changes of colon be-
cause deanup is much easier The need lor extensive
operator training and maintenance is also reduced
with this techinelogy.

Figure 1—PBasic disper- ™
sion principle. flourtesy
af Metzech Fine Parbcle
Technolomoy

Yaouwt chamber
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“The inwoduction of the basket mill to the tarkel
has led to improvements in batch times, finished prod-
url yield, particle size diswiliution, and overall milling
performance,” asserts Mr. Cuntner. “wWith the Trasked
mill, millingg s a function of time as opposed to being
a funetion of the discreel pass used i either vertical or
hotizontal theoughput-siyle mills. This allosws the oprer-
ator and chemist to checls performance at regular inter-
vals and even malke minor additions or corections dur-
ing the milling operation,” he adds. | iowever, Tocalived
heal buildup and the inability to completely disperse
more ¥iscous systeins are limitations of these grinding
{'.IT_'.It“.rHliUI'IH il] HUMITLE: CHSEN,

Improvements in basket mill technology include the
addition of impellers or augers that pump material inlo
the hasket containing the grinding media, as well as
pudll i back oul These systems conslianlly recireulate
the matenial and result in a more even particle distribu-
tion, smaller standard deviation, and better color,

Myers Engineering manofachures a dua!l shaft basleet
mill, tye 8BS0 series, with a mill chamber shalt ancd
secondary batch agitator, “The dual shaft design allows
the operator to run the mill chamber shaft at optimal
speed, keeping the grinding beads agilated while con-
trelling the flowr pattern in the tank with the secondary
batch agitator,” Mr, Cuntner explaing. He adds that one
clistinguishing lealure of Lthe Mvers Dasket mill 5 the
cooling shroud sumrounding the mull chamber, which
works ter cond the product during the milling operation
withoul the need lor a fackeled mix tank.

The Premier Submersible Mill (P58} from SPX
Frocess Equipment consists of a media mill and dual
high spreed impellers in one machine. Both mixing and
grinding are provided simunitaneconsly, wilh the milling
energy and batch drculation independently contralled.
Fine dispersion iy achieved in the mitling chamber,
where grinding media are accelerared by a rotating pin-
type agitator mounted on a milling shaft, Two high
flow iinpellers end the product, consiantly recireulal-
ing it through the basket mill, which achieves unifomm
dispersion thruughout the entire batch. The centrifugal
[uree of media agitation cauzes Lhe Qow irough the
milling chamber and also reduces hydrantic packing
and nearly eliminates cavitation lomces, acconding to
Me Rissiey.

“Cryerall, this design enables the use of the baslket
mill with a much wider range of product viscosities.

The unpellers make il possible to uze the baskel mill in

much larger tanks as well. It also provides consistent
temperalnre control and unilorm particle size, Becanse
the impellers are controlled by a separate variable
speed drive, the pre-mix step and the grinding step can
all take place in ooe tank, signilicantly cedncing the
costs of these operations,” Mr Rissley states. SPX also
affers its NAVTCGATOR compmuier mondtoring and
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process control system with the PSM, allowing for au-
tomatic control of the equipment based on set product
temperature and motor percent loads.

Hockmeyer's HSD Immersion Mill consists of a
highly polished, water-cooled, submersible basket with
side and bottom screens and upper and lower draft
tubes. Within the basket is a rotating hub with pegs
and a removable counter-peg assembly. Top and bot-
tom pumping impellers work together to enhance the
flow of the dispersion through the bead field in the
basket. A blade in the lower draft tube focuses the suc-
tion of slurry exclusively from the mill’s upper level.
“Bypass” through the side screen is greatly diminished
as a greater percentage of slurry is drawn deeper into
the bead field or high energy zone before reaching the
side or bottom screen discharge.

“The rapid, uniform flow of slurry drawn down
through the top and outward toward the bottom of
the mill increases batch throughput rate by 50%,”
says Mr. Murphy. “Performance is increased 20%
more when a top propeller is mounted within the
draft tube above the bead field to force feed the mill
when viscosities are above 15,000 cps,” he continues.
The machine is designed for use in multiple sized
tanks with various capacities and can
reduce process time by an average of
30-300%. It is compatible with a
wide range of media sizes and prod-
uct viscosities as well. The Auto
Process II control center enables the
operator to run the machine on au-
topilot or manual control.

Combination with dual and triple
shaft mixers is also possible, allowing
for complete processing in one tank.

With the addition of the Immersion
Mill into a triple shaft configuration—
with one shaft being a dispersion
blade, the second shaft being a helical
sweep blade, and the third shaft being
the Immersion Mill—even inks that
are typically formulated for 3Roll mills
can be dispersed from start to finish in
the same tank, according to Mr.
Cullens. “After an acceptable pre-dis-
persion has been reached, the milling -
process can be started. With the auger
in the upper draft tube of the mill
chamber forcing the paste into the mill
and the helical sweep blade feeding
the auger, three roll formulations are
no problem.”

The most recent development in
dispersion equipment may ultimately
eliminate the need for high speed dis-

www.coatingstech.org
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persers and media mills altogether. Based on an under-
standing of the micron-level forces at work during the
mixing process, the PSI-Mix (*F-Mix®) from Netzsch
Fine Particle Technology dramatically reduces mixing
times using a fraction of the floor space and a minimal
amount of energy.

“Ideal dispersion is achieved when fine powders
come into contact with a large liquid surface under low
shear. Figure 1 portrays the general principle. Attempts
at improving industrial mixers have been self-defeating
because they fail to satisfy these ideal conditions,” Mr.
Way explains. Rather than slowing the powder loading,
the PSI-Mix dispersion equipment pre-disperses the dry
powder particles prior to wetting in a vacuum chamber.
Another key to the technology’s success is its ability to
create a significant wetting surface so that the particles
come in contact with the wetted surface instantly, in-
stead of being allowed to cake up in lumps. Air trapped
between particles, which prevents further hydraulic
penetration and thus dispersion, is forced from small
agglomerates by a controlled negative-to-positive pres-
sure gradient.

“By pre-dispersing the powder particles in the dry
state and increasing the availability of a liquid surface
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area itowgh a vacuumm eductor sysiem, (he rapid load-
ing of powders can be snstained in an enclosed, e
rommentally safe process,” savs M Way, PEL-Mix's pro-
duction capacity ts typically seven wins, or 10-cubic
meters, ol dry solids per hour The {ully antomated
process can be used [or Isaleh sizes of 53 (o 3000 gal-
long, or work in 3 continuous process to prodoce ho-
mogenous products with 2 mix viscosity as high as
toothpaste. “Mixing fime is reduced by 90% compiaced
oy (rclifional methods. As 4 resnls, fewer machines, less
floor sprace, and less energy ave required w consistently
produce the same gquangity of high quality produc,”
adlds M Way

Metwsch 15 just inroducing the PST-Mix system o the
markeiplace now anal it 15 expected by many 1o receive
significant interest lrom the paint and coatngs indus-
try. Oher technologies ave belng comsidered as well.
Aside [rom irying to find new ways Lo tecrease through-
put. attenticn has begun 1o fochs on decreasing panicle

sizes dowi Lo the nane rmge. “Nanotechnelogy has
commanded increasing iniecesl i a number of indus-
tries, and paints and coatings are no exception,” Mr
Cullens savs. “Developing equipment 10 make smaller
and smaller particles it can be uniformly dispersed
andl exhilait desined properties s one of the next steps
lor us” Aceording 1o Ms, Tirestone, the wse of sound for
minding is a techinology thar has been considerad, buai
remaing “on the drawing board” w0 this point,

M ihe meantime, paing and coating producers have
access Lo a wile variety of dispersion equipment.
Thoughtful evaluation of these difterent trpes of ma-
vhines ts absolutely necessaty when developing a new
product. Proper selecrion of the appropriate dispersion
equipment, along with comsideration of the dispemion
process, tomuulation companents, samd raw marterial
quality, will enable paint and coating mnatacurers o
consistendy produce Tigh quality producis that exhibit
the appearance, durability, and stahility desired.
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